Design of semiconductors-based composites for the efficient photodegradation of organic micropollutants in water by Mele, Giuseppe
Engineering Conferences International
ECI Digital Archives
Wastewater and Biosolids Treatment and Reuse:
Bridging Modeling and Experimental Studies Proceedings
Spring 6-13-2014
Design of semiconductors-based composites for




Follow this and additional works at: http://dc.engconfintl.org/wbtr_i
Part of the Environmental Engineering Commons
This Conference Proceeding is brought to you for free and open access by the Proceedings at ECI Digital Archives. It has been accepted for inclusion in
Wastewater and Biosolids Treatment and Reuse: Bridging Modeling and Experimental Studies by an authorized administrator of ECI Digital Archives.
For more information, please contact franco@bepress.com.
Recommended Citation
Giuseppe Mele, "Design of semiconductors-based composites for the efficient photodegradation of organic micropollutants in water"
in "Wastewater and Biosolids Treatment and Reuse: Bridging Modeling and Experimental Studies", Dr. Domenico Santoro, Trojan
Technologies and Western University Eds, ECI Symposium Series, (2014). http://dc.engconfintl.org/wbtr_i/47
Department of Engineering for Innovation 
 



















(h+VB) TiO2 + OH-ads TiO2 + 
(e-CB) TiO2 + O2ads O2·- 
OXIDATION 
A + e- A-· 

















UV - light  
O2 
TiO2 as photocatalyst 
TiO2 





- Decomposes refractory organic   pollutants (dyes, 
herbicides, pesticides, etc.) 
 
- Reacts at ambient temperature 
 
- Uses a clean energy source---UV light 
 
- Use of O2 as the only oxidant 




 “Dives in Misericordia” 
 
Chiesa delle Vele, Tor Tre Teste, Roma  
 
Edible    TiO2 
Macrocyclic systems which contain a large p-electron conjugated system (an 
aromatic system with 18 p -electrons) 
 M= Metal ion (or alternatively two hydrogen atoms) in the middle 





















R =  Various peripheral substituents 
Structures of Porphyrins and Phthalocyanines 
They have been applied into new Material areas such as: 
 
☆  Photovoltaics 
☆  Electrochromism 
☆  Optical Data Storage 
☆  Laser Dyes 
☆  Liquid Crystals 
☆  Chemical Sensors 
☆  Photosensitizers for Photodynamic Therapy 
☆  Molecular wires, optoelectronic gates 
☆  Light-harvesting arrays, integrated antenna-reaction 
center complexes 
MPps & MPcs Multipurpose Materials 



































Comparative Studies on the Photodegradation of Atrazine 









Atrazine degradation with different catalysts
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Impregnation of TiO2 with MPps or MPcs “Sensitizers” 
 Sensitizers can be activated by visible light radiation. 
 TiO2 is activated by UV light radiation 









R T i O 2 
O r g a n i c  p o l l u t a n t s 
  Degradation 
U V - V i s  l i g h t 
“Functional” Porphyrins and Phthalocyanines 
Soluble in Organic Solvents 
Thermally and Environmentally Stable 
Photoresistant 
Insoluble in Water 
Organic Sensitizers (itself semiconductors) 
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LnPc2 
 
Ln = Ce, Pr,  Nd, Sm, Gd, Ho 
   Z :  (58, 59,  60,  62, 64, 67)  
Porphyrins 
Phthalocyanines 
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TOC  vs Irr. 
Time 
Symbols 
[4-NP] vs Irr. 
Time  
Catalyst 
   





Pure  Anatase 
 
Specific Surface Area 








Hg  Lamp 
Bulb of the  
lamp 
H 2 O 
H 2 O 
      Medium pressure Hg lamp:  125 W 
Intensity    13.5  mWcm         - 2 
 300  nm   <  l   <  400  nm 
Volume 0.5 L 
(4-NP) 20 mg/L 
TiO 2  ( mod .)  0.8 g/L 
pH = 4 (H 2 SO 4 ) 
  
Temperature 300 K 
O 2   Bubbled for 30  minutes   
“Probe Reaction” -  Degradation of 4 Nitrophenol (4-NP) 
OH
NO2
6 CO2 + H
+ + NO3





measured by  
 
Total Organic Carbon (T.O.C) analysis   
 
 
4-NP Concentration Vs. Irradiation Time in presence of 



















































6.65 H2Pp- TiO2  
6.65 CuPp- TiO2  
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Total Organic Carbon(TOC) 























































4-NP Concentration Vs. Irradiation Time 























Total Organic Carbon (TOC)  vs  Irradiation Time 













quantum efficiencies  
TiO2(A) 8 467 146 0.7 
6.65-TiO2(A)-H2Pp 8 9 606 189 0.9 
11.10-TiO2(A)-H2Pp 8 15 569 178 0.9 
3.30-TiO2(A)-CuPp 8 4.5 595 190 0.9 
5.55-TiO2(A)-CuPp 8 7.5 1225 383 1.9 
6.65-TiO2(A)-CuPp 8 9 1162 363 1.8 
8.35-TiO2(A)-CuPp 8 11 1087 352 1.7 
11.10-TiO2(A)-CuPp 8 15 950 315 1.5 
13.30-TiO2(A)-CuPp 8 18 854 271 1.3 
6.65-TiO2(A)-CuPc 8 9 755 236 1.2 
6.65-TiO2(A)-H2Pc 8 9 454 142 0.7 
11.10-TiO2(A)-H2Pc 8 15 359 122 0.5 
(a) The surface area for a single 
porphyrin molecule was 
approximate to 2.25 nm2/molecule. 
The porphyrins were supposed flat 






Mele G. et al.,   
 
J. Catal. 2003, 217, 334. 
1. Xenon lamp  
2. filter  
3. cool-fanner  
4. constant temperature 
water jacket  
5. reaction beaker  
6. air pump  
7. magnetic stirrer  
8. magneton  
9,10. inlet and outlet of 
water  
Photocatalytic experimental set-up 
500 W, 24 V xenon lamp  
(CHF-XM35-500W, Beijing Trusttech Co., 
Ltd., China) providing UV-vis light.  
 
Distance 110 cm 
light intensity was 4.061 mW/cm2 (New Port Dual-Channel Power Meter, model 2832- 
C, Irvine, CA). 
 
CuP4-TiO2, CoP4-TiO2 and ZnP4-TiO2 have higher photocatalytic activity than 
bare TiO2; 
  CuP4-TiO2 is the most effective photocatalyst under UV-visible or visible light. 
Under UV-visible light Under visible light 
Photocatalytic activity for 4-NP degradation 
















Design of Fe-TiO2 photo-catalysts for 
heterogeneous photo-Fenton processes 
Fe-TiO2 catalyst  PHOTO-FENTON PROCESS 
UV-vis-Fe/TiO2-H2O2 
4-nitrophenol degradation 
TiO2 Anatase Powder 




1wt%Fe, 3wt%Fe, 5wt%Fe, 8wt%Fe 
CALCINATION 
5 h at 350°C 
 Fe loading amount 
 Amount of Fe-TiO2 catalyst 
 H2O2 concentration 










   ECO 12 H Photoreator (NOVUS-Brindisi) 
   UV Lamp 
   Radiant flux=100 μW/cm2 (290-390 nm) 
   V suspension= 2L 
Germicidal lamp  
(SANKYO DENKY, P=16  W,  
λ=265 nm) 
 








Recycling of catalysts Fe-leaching evaluation 





Recovering by filtration 
Washing with UP water 
Drying at 110°C overnight 
Re-using in the same conditions 
ICP Spectrometer 
(THERMO SCIENTIFIC iCAP 6000 SERIES) 
ABSENCE  OF SIGNIFICANT DEACTIVATION 
[Fe3+] solution = 1÷8 ppb 
[Fe3+] TiO2 surface = 1÷40 ppm 
NEGLIGIBLE LEACHING 






vasca di trattamento per 
fosforo e azoto 
Trattamento secondario: 











Dosaggio in-linea e 
miscelazione simultanea di 
sostanze coagulanti, 
adsorbenti e disinfettanti 
Flocculazione, contatto 
prolungato e sedimentazione 
avanzata in vasca 
Disinfezione fisica UV con 
modalità in-linea e in 
ricircolo 
DISTRIBUZIONE E RIUTILIZZO 
Prelievo campione B di 
“USCITA” 
Prelievo campione A di 
“INGRESSO” 
CARATTERIZZAZIONE ACQUE REFLUE (FASANO) 
ANION SAMPLE A (IN) [ppm] 
SAMPLE B (OUT) 
[ppm] 
F- 0.52 0.101 
Cl- 456.20 589.050 
Br- 0.76 0.928 
NO3
- 68.16 66.982 
PO4
3- 19.62 9.998 
SO4
2- 120.91 98.250 
CATION SAMPLE A (IN) [ppm] 
SAMPLE B (OUT) 
[ppm] 
Na+ 229.46 228.31 
K+ 25.52 27.03 
Mg++ 28.81 28.60 
Ca++ 61.06 58.35 
SAMPLE CONDUCTIVITY (μS) 
A (ingresso) 4020 
B (uscita) 1550  
Photodegradation of “organics” in real wastewater 
samples 
39 
Emission spectrum of  
SANOLUX HRC UV-vis lamp  
Lampada SANOLUX HRC 300W 
Amount Cat. =0.2 g/L,1% Fe-TiO2 
[H2O2]=4.9 mM 
V=300 mL 






UV-vis Spectra (range 200-350 nm) 
Sample (A) from AquaSoil s.r.l.  plant 
Sample A IC (mg/l) TC (mg/l) TOC (mg/l) 
Wastewater 
0 min irr  
46,20 76,63 30,43 
Wastewater 
180 min. irr. 
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The  Key Step Photoinduced Charge Separation 
Role of TiO2      
   h (<394 nm) 
TiO2[Cu(II)Sens]         TiO2[Cu(II)Sens] (e
-

















y1           y2
Figure 1. Set-up for the time-resolved microwave conductivity (TRMC) experiments. 
DAAD (Deutscher Akademischer Austausch Dienst) for 
the supply of a fellowship to carry out the 
measurements on lifetimes of photo-induced excess 
charge carriers in Hahn Meitner Institut, Berlin 































Figure 3. Time-resolved microwave conductivity (TRMC) experiments for  
bare TiO2(A); 6.65-TiO2(A)-H2Pp and 6.65- TiO2(A)-CuPp. Inset: bare TiO2 (A) and 6.65-TiO2(A)-CuPp. 
The  Key Step Photoinduced Charge Separation 
Role of electrons  
    
3O2 +   e
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Figure 7. EPR spectra of the samples 6.65-TiO2(A)-CuPp a) outgassed 1h at RT,  














Figure 6. EPR spectra of the samples a) TiO2(A) and b) 6.65-TiO2(A)-H2Pp,  
UV-irradiated in the presence of O2 at 77 K. The background spectrum of each sample recorded in vacuum was subtracted. 
The  Key Step Photoinduced Charge Separation 
Role of  holes      
OH-   +   h+VB        
OH      
                  
H2O   +   h
+
VB      
OH   +   H+   
                 
H2O2  +  h
+
VB      HO2
  +  H+   
       
HO2
   +  h+VB    O2  +  H
+    
      
TiO2[MSens]   +   h
+
VB        TiO2[MSens]
+  
                          
The  Key Step Photoinduced Charge Separation 
Role of  the sensitizer     
 intersystem crossing 
                    h        (isc) 
 [MSens]         1[MSens] *              3[MSens] *   
 
3[MSens]*  +  3O2     [MSens]   +   
1O2(
1)    
 
3[MSens]*  +  3O2      [MSens]
+  +  O2
-     
 
TiO2 
3 or 1[MSens]*    TiO2[MSens]
+   +   e- CB       
 
TiO2[MSens]
+  + OH-   TiO2[MSens]  +  
OH    
 
TiO2[MSens]
+  + 4-NP   TiO2[MSens]  +  oxidation products  
                               
The   Key Step  Photoinduced Charge Separation 
Role of some reactive intermediates in aqueous phase  
    
·O2
-    +   H2O     HO2
   +   OH-    
 
·O2
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  H2O2  +  O2      
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·O2
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   +   ·O2
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The  Key Step Photoinduced Charge Separation 
Role of  metal     
TiO2[Cu(I)Sens]   +   





TiO2[Cu(I)Sens]   +   
1O2(





TiO2[Cu(I)Sens]   +   H2O2        TiO2[Cu(II)Sens]   +   HO
   +   OH-
                           
The  Key Step Photoinduced Charge Separation 
Oxidation reactions in aqueous phase     
1O2(




  +     4-NP        oxidation products 
 
 
HO   +    4-NP       oxidation products  
                 
TiO2 Structures 







Crystal system Tetragonal Tetragonal 
 
orthorhombic 
Point Group 4/mmm 4/mmm mmm 
Space Group I41/amd   P42/mnm  
 
Pbca  
Density 3.895  4.2743 4.123  
TiO2 as photocatalyst  
ADVANTAGES 
 HIGH PHOTOACTIVITY 




































Metallo-porphyrin having an iron ion located in the center.  
Within the molecule, four nitrogen molecules hold the iron in the center.  

The iron ion also bonds with a histidine side chain from one of the subunits 
that form the pocket.  
 
The iron ion bonds to histidine 87 in the alpha chain and histidine 92 in the 
beta chain. The histidine 87 and histidine 92 are both part of the F helix in 
each subunit.  
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Synthesis of Porphyrins Cardanol Based 
